If limb segments of the human body swing rhythmically in the gravitational field, such as legs and arms move rhythmically in walking, it has been a straightforward first step to capture their spatiotemporal behavior as pendular movements. From classical mechanics it follows that these limb segments, conceived as selfsustained pendular movements, have a tendency to oscillate at their characteristic frequency, or eigenfrequency, which is determined by the segment's length and mass distribution. That this eigenfrequency plays an important role in movement coordination has for instance been argued in studies on locomotion where preferred walking or running speeds were associated with least energy consumption. Conversely, minimum energy consumption has been interpreted as indicative of animals utilizing the mechanically and energetically optimal coordination mode (Holt, Jeng, Ratcliffe, & Hamill, 1995; Hoyt & Taylor, 1981; Sparrow & Newell, 1994; Turvey, Schmidt, Rosenblum, & Kugler, 1988) .
For acting successfully within the demands and constraints of the environment, however, it is similarly important for the organism not only to exploit such mechanical properties but also to override them when the task requires it. For example, humans can easily walk faster or slower depending on their goal. They also have little difficulty in synchronizing finger taps or foot steps in dancing to a wide range of rhythms. This observation has found support in experimental research that showed that tapping to specific metronome periods can be equally achieved with finger, wrist, and elbow movements (Collyer, Broadbent, & Church, 1992; Wing, 1977) . Similarly, rhythmically moving visual targets can be tracked using manipulanda of varying mechanical properties for a wide range of frequencies (Noble, Fitts, & Warren, 1955; Pew, Duffendack, & Fensch, 1967; Russell & Sternad, 2001) .
Despite this ability to override intrinsic tendencies and to adapt to external timing demands, there is evidently a cost as well as limits to this range that are likely to be determined by the difference between the eigenfrequency of the particular effector and the target frequency. It has been demonstrated experimentally that it is difficult to move a limb or a manipulandum at a frequency much faster than its respective eigenfrequency (Noble et al., 1955; Poulton, 1974) . Similarly, it can be arduous to slow down an effector to a frequency much slower than its eigenfrequency. This difference between the effector eigenfrequency and the target frequency is referred to as the task-effector asymmetry and is of central interest in this study. In previous research, we have addressed this issue in visuomotor tracking of sinusoidally moving targets with continuous feedback by explicit quantitative manipulations of both target and eigenfrequency (Russell & Sternad, 2001) . We demonstrated that tracking behavior, specifically its variability, was a function of this asymmetry, rather than simply a function of the absolute target frequency. Relatedly, Russell, de Rugy, and Sternad (2003) reported systematic phase leads and lags as a function of this asymmetry in tracking visual stimuli both with and without visual feedback. These results were consistent with results found in bimanual rhythmic coordination (e.g., Sternad, Amazeen, & Turvey, 1996) .
What remains an open issue, however, is how such asymmetry between the effector and the task influences the behavior, once the perceptual target is no longer available. Specifically, experiments on rhythmic timing have frequently used the so-called continuation paradigm, where participants continue rhythmic movements after an external pacemaker has been turned off. How the rhythm is maintained without the guidance of an external clock has been the focus of many studies with the objective of revealing timing mechanisms in humans. The present study investigates such continued rhythmic movements at different target frequencies with the objective of assessing the role of task-effector asymmetries in such rhythmic performance.
Early work on the timing of oscillatory movements was performed by von Holst (1939 Holst ( /1973 ) using spinal fish preparations as his primary model system. If each fin is considered to be an oscillator with a resonance frequency, two or more fins (or limbs) when moving together at the same frequency and fixed phase difference are said to move in absolute coordination. In absolute coordination, von Holst formulated two processes that are in conflict with each other: The magnet effect conceptualizes the tendency of two rhythms to synchronize at one common frequency and a fixed phase relation. The maintenance tendency captures the propensity for each oscillator to move at its own characteristic frequency. If the maintenance tendency prevails, the oscillators will move at their preferred frequencies and their phase relation will start to wander (relative coordination). It is the competition and cooperation expressed in these two tendencies that gives rise to the observed behavior. Of particular interest for the present study is one of von Holst's observations on the synchronization between pectoral and dorsal fin, each having its own eigenfrequency. Although the pectoral and dorsal fins of a transected labrus fish easily synchronize to oscillate at the same frequency, the dorsal fin immediately reestablishes its own rhythm once the pectoral fin is inhibited (see also Figure 4 .21 in Turvey & Carello, 1995; von Holst, 1939 von Holst, /1973 . It is this finding that has motivated the present experiment. The hypothesis we test in this study is that rhythmic movements that were initially guided by an external target rhythm have an inclination to drift toward their eigenfrequency once the external timekeeper is turned off.
Inspired by von Holst (1939 Holst ( /1973 , absolute coordination has been investigated in humans, using a bimanual rhythmic coordination task in which participants oscillate a pendulum held in each hand at one common frequency, either in a parallel (inphase) or alternating (antiphase) fashion (Kugler & Turvey, 1987) . The advantage of this experimental task is that the eigenfrequencies of the wrist-pendulum system can be manipulated and calculated using standard mechanical algorithms. Asymmetries were introduced by having participants swing pendulums of different eigenfrequencies in each hand. Achieving absolute coordination under widely different pendulum combinations, actors settled on a combined movement frequency that was in between the eigenfrequency of each pendulum, corresponding to the frequency determined for rigidly coupled pendulums following Huygens's law (Kugler & Turvey, 1987) . In a series of studies the coupled oscillator model was further analyzed and predictions about steady state relative phase and its fluctuations were derived and experimentally confirmed: first, the larger the asymmetry, the greater the phase difference between the two oscillations. The oscillator with the faster intrinsic frequency tends to lead. Second, the degree of fluctuations in continuous relative phase increases with increasing asymmetry between the two wrist pendulums. The larger the difference in the two oscillators' intrinsic frequencies, the less stable is the pattern, that is, more prone to fluctuations (Collins, Sternad, & Turvey, 1996; Schmidt, Shaw, & Turvey, 1993; Sternad et al., 1996; Sternad, Collins, & Turvey, 1995; Sternad, Turvey, & Schmidt, 1992) . These phenomena are a major motivation for the present study.
The control of rhythm and timing has been the focus of an extensive body of literature that has pursued different theoretical concepts. Although the above-referenced studies pursued the concept of coupled oscillations, more cognitive theories paid particular attention to the notion of an intrinsic clock or timekeeping mechanism underlying the production of rhythmic intervals (e.g., Bartlett & Bartlett, 1959; Collyer & Church, 1998; Ivry & Hazeltine, 1995; Ivry & Richardson, 2002; Stevens, 1886; Wing & Kristofferson, 1973a , 1973b . In order to reveal the nature of this clocking mechanism, these studies have frequently used the continuation paradigm where this hypothesized endogenous timing can be discerned most clearly. Results of these studies agree that, although humans are relatively accurate in maintaining the correct tapping period even after the metronome has been removed, systematic deviations and drifts occur when a range of target periods is investigated. One of the early continuation finger-tapping studies by Stevens reported that subjects most accurately reproduced the target period close to 0.71 s, which he referred to as the indifference point. Although no explanation was given, it may be conjectured that this indifference point corresponded to the eigenfrequency of the effector.
Similarly, drifts in the movement period have been observed across the continuation interval, especially when the continuation interval is longer. Sternad, Dean, and Newell (2000) reported a consistent shortening of the tapping period across a 50-s interval. Madison (2001) reported period drifts that vary systematically with the intertap interval and that show discontinuous changes at critical periods. In contrast, Collyer and colleagues observed period errors that showed a W-shaped pattern when plotting the produced period as a percentage of the target period across different target periods (0.175-1.00 s; Collyer, Boatright-Horowitz, & Hooper, 1997; Collyer et al., 1992; Collyer, Broadbent, & Church, 1994; Collyer & Church, 1998) . The authors attributed their findings to discrete internal clock mechanisms where an ensemble of clocks produces discrete rhythms that are attractive for rhythms adjacent to them (Church & Broadbent, 1991) . The alternative interpretation that biomechanical factors are responsible for the small systematic deviations was rejected, as wrist and finger movements produced a congruent "oscillator signature" (Collyer et al., 1994) . This conclusion contrasts with other studies that have shown the central role of the mechanically and muscularly determined resonance frequency as an anchor point for rhythmic movements (Goodman, Riley, Mitra, & Turvey, 2000; Hatsopoulos, 1996; Hatsopoulos & Warren, 1996) . In order to clarify the role of resonance frequency and task-effector asymmetry in a continuation task, the present study undertakes a systematic empirical manipulation of the mechanical properties of the effector in relation to the target frequency. The hypothesis is that it is the discrepancy between the frequency of the target and the eigenfrequency of the moving limb that is responsible for period deviations and variability in the continuation interval. This discrepancy is systematically manipulated and quantified in the independent vari-able ␦ that is defined as the difference between target period and resonance period (for more details see the Method section).
The experiment consists of seven target periods, calculated to be symmetric around the eigenperiod or preferred period. Participants track each of the visually presented target periods with one of three handheld pendulums, each of a different eigenperiod. The synchronization segment S (20 s) is followed by a deliberately long continuation segment of 60 s in order to allow for drifts to develop. The 60-s long continuation segment C is divided into three equally long segments, C1, C2, and C3. The focus of the analyses is on changes in the mean period and amplitudes and their variability across the continuation segments. On the basis of the preceding arguments and findings, we can formulate five predictions that are illustrated schematically in Figure 1 (for more detail see the Appendix). During the continuation interval rhythmic movements drift toward their resonance period. Figure 1A sketches this prediction by showing the period drift or deviation against the asymmetry between the target and eigenperiod of the limb captured in ␦.
1. There is a positive drift (acceleration) for eigenperiods faster than the target and a negative drift (deceleration) for eigenperiods slower than the target.
2. The larger the asymmetry between target period and eigenperiod, the larger the drift.
3. Variability of movement periods is at a minimum when there is symmetry between target and eigenperiod (␦ ϭ 0). It increases in a U-shaped fashion with increasing ␦ (see Figure 1B ).
4. Variability is highest during the synchronization segment S as the asymmetry between target period and the preferred period has to be maintained. Accompanying the drift toward the resonance period, variability decreases throughout the continuation segments C1, C2, C3 ( Figure  1B ).
5. The drift in period toward the resonance period progresses exponentially.
Method

Participants
Six participants (4 male and 2 female) from Pennsylvania State University participated as volunteers in this experiment. Their ages ranged from 23 to 42 years. All reported themselves right-handed with normal or corrected-to-normal eyesight. Of the participants, 4 had participated in a similar previous experiment; the remaining 2 were new to the task. They all agreed to the experimental procedures by signing the informed consent form required by the University Regulatory Committee.
Apparatus and Materials
Participants sat in a specially built chair and placed their forearms on the horizontal armrests provided. They grasped a pendulum in their dominant hand and swung it in the sagittal plane (see Figure 2) . In order to record the pendulum's movement trajectory in 3-D, a Sonic Digitizer (SAC Corporation, Stratford, CT) was used, which recorded sound sparks made by an emitter attached to the tip of the pendulum at a rate of 60 Hz. The sound was detected by four microphones arranged in a square on the floor (77 ϫ 77 cm). As only three recordings were necessary to locate the emission point in 3-D, the worst of the four readings was automatically eliminated from the analysis. The chair had an elevated leg rest and was attached to one side of an enclosure so that the legs did not obscure the sound from the emitter on the pendulum to the four microphones. The sides and the floor of the enclosure were covered with sound-proofing egg-crate foam to reduce reflection errors. Armrests were provided to localize the axis of rotation of the combined wrist-pendulum system and to ensure that the participants only swung the pendulums using radial and ulnar flexion around the axis of rotation in the wrist joint.
Participants swung one pendulum in their dominant hand. Three pendulums of different eigenperiods were assembled: (a) a 36-cm long pendulum, giving an eigenperiod of 800 ms; (b) a 40-cm long pendulum with 50-g weight attached, giving an eigenperiod of 1,000 ms; and (c) a 48-cm long pendulum with 150-g weight attached, giving an eigenperiod of 1,200 ms. (Note that we use periods instead of frequencies to be in better agreement with the conventions in the literature on timing.) The calculations of the pendulums' eigenperiods or eigenfrequencies of the wristpendulum systems applied the standard formula
where g is the constant acceleration due to gravity. L is the equivalent length of the wrist-pendulum, defined as the distance between the center of Figure 1 . Schematic predictions for period drift as a function of taskeffector asymmetry ␦. A: Drifts increase with increasing asymmetry between the two oscillations. During the synchronization segment S, no period deviations are expected. The drifts should increase during the continuation segments from C1 through C3. B: Variability is predicted to be lowest for task-effector symmetry (␦ ϭ 0). With increasing taskeffector asymmetry (␦ 0), variability is expected to increase in a symmetric fashion. Large differences between target and preferred period in S are expected to be accompanied by highest variability. With increasing period drift in C, variability should decrease accordingly. rotation and the center of mass. The center of mass was calculated from the pendulum components shaft length, added mass, and hand mass through the standard methods for representing an arbitrary rigid body oscillating around a fixed point of rotation as a simple pendulum. The axis of rotation was centered in the wrist. All components including the hand were modeled as hollow cylinders. The hand mass was approximated as 0.6% of an average body mass of 75 kg (Bernstein, 1967; Dempster, 1955) . More details of the computations are described in Kugler and Turvey (1987) . On the basis of the calculated center of mass and equivalent length of the compound system L oscillating around the axis of rotation at the wrist, and its eigenperiod was determined. The wrist-pendulums' eigenperiods were chosen to be distinctly different from each other. A limiting factor for the choice of the long and heavy pendulum was potential fatigue for participants; for the small pendulum, sufficient length was necessary to provide good digitizer readings.
From the raw position data in three Cartesian dimensions, the angular displacement of the pendulum's tip around the axis of rotation in the sagittal plane was calculated and stored on a Master Computer 486 DX 266 PCI, using custom-written motion analysis software. The target movement and the pendulum's tracking movement were displayed on an Acerview-7155 monitor (resolution: 640 ϫ 480 pixels) situated in front of the participant (1.50 m from the back of the chair) and approximately in line with the participant's eye level. The monitor screen was 1.20 m from the participant's eyes, although his or her head position was not constrained. The room lights were dimmed to enhance the contrast of the visual display on the screen. Each trial consisted of a synchronization phase and a continuation phase. During the synchronization phase a hollow green target square (1 ϫ 1 cm), creating a visual angle of 0.5°, moved in a sinusoidal motion in the vertical direction on the monitor. The movements of the pendulum's tip were displayed as a green hair cross (1 ϫ 1 cm) on the monitor screen that represented the pendulum's angular position in the sagittal plane. The cursor was constrained to move in the same vertical direction on the monitor as the target square, corresponding to pendular movements in the sagittal plane. The peak-to-valley amplitude of the sine wave was kept constant at 0.52 rad for all frequency conditions, creating a vertical movement of 11.6 cm on the screen and traversing a visual angle of 5°(0.1 rad) at the eye. This amplitude was the average preferred amplitude determined in pilot testing.
Procedure and Design
The experiment consisted of three sessions that were run on the same or on consecutive days. In each session one pendulum was tested. The order of presentation of the pendulums was randomized across participants. In the first part of each session participants were instructed to swing the pendulum in the sagittal plane with the dominant hand at the period and amplitude they preferred. There was no display shown on the monitor. The objective was to determine the individually preferred period and amplitude for each of the three pendulums. Three trials were collected, each lasting 40 s. The three trials were performed in quick succession, sometimes even without a stop, so that they effectively could be regarded as a single trial of 120 s.
1 Immediately after these trials, the experimenter calculated the average period of each trial and the overall average across the three trials. On the basis of each participant's preferred period, seven target periods were calculated for each pendulum: Three target periods faster than the preferred periods were calculated by subtracting 50 ms, 100 ms, and 150 ms from the preferred period. Three slower periods were calculated by adding 50 ms, 100 ms, and 150 ms to the preferred period. As these target periods differed in absolute values, we introduced the independent variable ␦ that captured this asymmetry. It was defined as
This definition allowed a comparison across participants who all displayed slightly different preferred periods. Consequently, ␦ was negative between Ϫ150 ms and Ϫ50 ms for target periods shorter than the preferred period, and positive between 50 ms and 150 ms for target periods longer than the preferred period. ␦ ϭ 0 refers to the symmetry condition where the target period was set to match the preferred period.
Immediately after the preparation of the target periods, which lasted approximately 20 min, data were collected. It was deemed important to have the preferred period calculations and the actual experiment immediately following each other, so that conditions of the participant and the intrinsically preferred period would not change. Two trials were run for each of the seven target periods, presented in random order within each of the three sessions. All trials consisted of a synchronization segment and a continuation segment. In the synchronization segment S (20 s), both the sinusoidally moving target and the online display of the pendulum's movement were shown on the screen. Participants were instructed to track the target by swinging the pendulum in the sagittal plane, trying to keep the cross in the target square on the screen. Immediately after S, the participants were instructed to close their eyes and maintain their pendulum movements with the same period and amplitude. The entire continuation segment C lasted 65 s. For the analysis, the first 5 s of C were discarded to eliminate short-term transients or perturbations due to the closing of the eyes. The remaining 60 s were subdivided into three equal intervals of 20 s duration each, referred to as C1, C2, and C3. Hence, each trial lasted for a total of 85 s, plus 5-s lead-in time, where only the target was moving on the screen to allow the participant to adjust to the target motion before data collection started.
Throughout the experiment participants were required to maintain their forearms on the armrest and to grasp the pendulum firmly enough so that no movement occurred within the hand. The task was always performed with their dominant right hand. Participants could rest between trials if necessary to avoid fatigue.
Data Reduction and Dependent Measures
The time series of the pendulum's angular position for each trial was low-pass filtered using a zero-lag second-order Butterworth filter with a cutoff frequency at 8 Hz. This filter cutoff frequency was automatically determined using a procedure that varied the cutoff frequency and approximated the difference between the filtered and unfiltered data using the autocorrelation function (Challis, 1999) . The cutoff frequency is the one in which the autocorrelation function most closely resembled white noise. The angular velocity was computed using a two time-step differentiation procedure. The first 3 s of each time series were excluded from the analysis, as they were confounded with transient effects when the participant attempted to match the target movements with the pendulum. Each time series was then parsed into four segments: synchronization segment (S) from 1 to 20 s, Continuation Segment 1 (C1) from 25 to 45 s, Continuation Segment 2 (C2) from 45 to 65 s, and Continuation Segment 3 (C3) from 65 to 85 s. Every dependent measure was then computed separately for each of the four segments of each trial. Global cycle measures of the segmented time series of the pendulum angular position were determined, including means and standard deviations of both peakto-peak period T and peak-to-valley amplitude A. For each segment the deviation of the actual period from the target period was calculated as ⌬T ϭ target period Ϫ actual period.
⌬T was calculated for each cycle period and as a mean for each segment. All dependent measures were computed using software written in Matlab.
Harmonicity
To capture the variability of the trajectory in comparison to a smooth harmonic wave, a measure called harmonicity (H) was computed. The dependent measure was determined in phase space, that is, the space spanned by angular position and velocity. The time series was separated into the four segments as described above. Prior to computing H the position trace was mean adjusted by subtracting the average pendulum position from the time series to center the trajectory around zero. The angular velocity was normalized by dividing the velocity signal by the primary movement frequency. The mean adjusted position and normalized velocity were then used to create the normalized phase portrait, from which the phase angle of the pendulum was determined as the arctangent of the mean adjusted position and normalized velocity . The radius for each sample was calculated by using Pythagoras's theorem. After calculating the average radius (r) across the whole trajectory of one trial, the time series of r was divided by this mean to normalize the phase portrait to a radius of one. A harmonic wave is characterized by a perfect unit circle in phase space after normalization of velocity. Subsequently, the radius of the sine wave was subtracted from r and the remainder was summed similar to a root mean square error. This measure H captures the difference between the trajectory's limit cycle and a harmonic wave. Large values of H indicate large departures from a smooth harmonic wave (Sternad, Turvey, & Saltzman, 1999) .
Clock and Motor Variance
On the basis of the assumption of two independent processes representing the central clock and the peripheral levels, each associated with independent Gaussian noise, the analysis developed by Wing and Kristofferson (1973a) quantifies the relative contribution of these two sources of noise to the observed variance. The Wing-Kristofferson model makes two specific predictions with regard to the autocorrelation functions of successive cycle periods. First, the Lag 1 autocorrelation (1) is between 0 and Ϫ0.5; second, for lags greater than one the autocorrelation is 0. Hence, both (1) and Lag 2 (2) autocorrelations of cycle period were determined. Prior to the calculation of the autocorrelation functions, the cycle periods T P were linearly detrended, in order to remove systematic drifts in the cycle periods (Vorberg & Wing, 1996) . For the segments of trials that met both of the predictions of the Wing-Kristofferson model, the period variance (s T 2 ) was computed, and then clock (s c 2 ) and motor (s m 2 ) variance were calculated using the following equations:
and
where j denotes two abutting cycle periods. For further details, see Kristofferson (1973a, 1973b) and Vorberg and Wing (1996) . Each dependent variable was analyzed separately using a three-way repeated measures analysis of variance (ANOVA) with the three factors: pendulum (3 levels), ␦ (7 levels), and segment (4 levels). All significant effects are reported; nonsignificant results are omitted. To test the nonlinear behavior predicted for variability estimates as a function of ␦ (Predictions 3 and 4), polynomial regressions were conducted. If this effect was significant, additional ANOVAs tested the differential effect for the different segments.
Results
Preferred Periods and Amplitudes
Three pendulums were assembled to determine three different eigenperiods for the moving limb. However, as discussed in previous work, the individual's preferred period is not necessarily identical to the eigenperiod that is calculated on the basis of mechanical components of the pendulum plus a standard estimate of the hand mass. The neuromuscular components constitute an additional important factor that is not captured in the mechanically based calculations of the eigenperiod (Hatsopoulos & Warren, 1996) . To obtain a more accurate estimate for the individuals' preferred period, all participants therefore performed preparatory trials in which they swung the handheld pendulums in their preferred fashion. Three trials for each of the three pendulums were collected, and average periods and amplitudes were computed per trial. The mean values for the three trials per pendulum are reported in Table 1 for all 6 participants.
Comparison across participants shows that, indeed, for a given pendulum, different periods and amplitudes were selected. However, when comparing values within a participant, a systematic scaling for the three pendulums was evident in every case. The range of periods performed in the three trials, listed in parentheses, shows the high consistency of periods over repeated trials. Similarly, the amplitudes tended to scale with the period, so that longer periods were associated with larger amplitudes. However, these values were less systematic than the period results. Hence, for the three experimental sessions, a constant amplitude of 0.52 rad was chosen that approximately represented the average amplitude observed in previous experiments. Note, however, that this value was found to be below the overall mean of the present experiment. To obtain the best possible matching of target period manipulations with these preferred periods from the preparatory trials, the data collection for the experiment proper was conducted immediately after these preparatory trials.
For a first impression of the participants' performance, an exemplary trial's time series of angular displacement together with the target signal is shown in Figure 3 . This trial was performed with pendulum P1000 for a period asymmetry of ␦ ϭ 100 ms; that is, the target period was 100 ms longer than the individually preferred period for this pendulum. For clarity, only the synchro-nization segment S and the first continuation segment C1 are displayed. During S the participant was clearly able to match the target period and amplitude relatively well and remained close to an inphase coordination with the target signal. However, with beginning C1 at 20 s, the pendular movements began to deviate from the target signal, which was not seen by the participants but is extrapolated here for better visualization. As to be expected for the condition ␦ ϭ 100 ms, within the first 16 s of C1 the participants sped up their oscillation and inserted one entire cycle compared with the target signal. Also, the midpoint of the amplitude changed in this trial, whereas the overall amplitude changed only little. The goal of the following analyses was to extract regularities as seen in this representative pattern of period deviations and variability.
Mean Cycle Analysis: Period and Amplitude
The first focus of analysis was on the peak-to-peak periods T corresponding to the intertap intervals in the tapping literature. To assess the accuracy of the participants' performance or, conversely, the deviation from the target period, linear regressions were performed, where for each trial segment the average performed T was regressed against the respective target period. As the absolute values of the preferred and target periods differed across participants, separate regressions had to be conducted for each participant, each pendulum, and each segment, giving a total of 12 regressions per participant. Each regression was performed for 14 data points (i.e., two trials for seven target period conditions). If the target periods were accurately produced, the linear regression slope would be 1, and the intercept 0.
In Table 2 the large number of regressions is summarized by showing mean values of regression slopes and intercepts for each pendulum, averaged across all participants. In accordance with Prediction 1, during S the slopes and intercepts of the linear regressions for all three pendulums in all participants were not significantly different from 1 and 0, respectively. All regressions had r 2 values of .99 or 1. Throughout the continuation segments, however, the slopes monotonically decreased within each participant, whereas the regression r 2 values were still .88 and higher. This decrease in slope was associated with a monotonic increase in the intercept. The systematic decrease in slope and the increase in the intercept were evident for all cases. These significant trends in the regressions indicate that there was a systematic change in the periods of C toward the preferred periods.
To further quantify this systematic drift, the difference between target periods and actual performed cycle periods ⌬T were calculated for each of the synchronization and continuation segments. Positive ⌬T values were obtained when the actual periods were shorter than the target period (accelerating trend); negative values were obtained when participants' actual periods were longer than the target period.
A 3 (pendulum) ϫ 7 (␦) ϫ 4 (segment) ANOVA was performed with ⌬T as the dependent measure. There was a significant threeway interaction, F(36, 180) ϭ 1.66, p Ͻ .05. A central result with respect to Prediction 1 was the significant interaction of ␦ and segment, F(18, 90) ϭ 10.48, p Ͻ .0001. Further significant interactions were found for pendulum and ␦, F(12, 60) ϭ 2.01, p Ͻ .05, and for pendulum and segment, F(6, 30) ϭ 2.75, p Ͻ .05. Last, the main effect for ␦ was also significant, F(6, 30) ϭ 15.71, p Ͻ .0001. Figure 4 illustrates the central result, showing ⌬T against ␦, the difference between the target period minus preferred period. In support of Prediction 1, ⌬T was positive for target periods longer than the preferred period (␦ Ͼ 0). ⌬T was negative for target periods shorter than the preferred period (␦ Ͻ 0). Further support- ing Prediction 1, these deviations increased for increasing ␦. In accordance with Prediction 2, there was a monotonic increase of ⌬T from S to C3, which indicated a consistent drift in the mean periods across segments: As expected, ⌬T was close to zero during S and increased from C1 to C3. Not consistent with the two predictions was the fact that the crossing of lines occurred at ␦ ϭ Ϫ50 ms, instead of at ␦ ϭ 0 ms. This result generally indicated that participants tended to shorten their period during C. The interaction between ␦ and pendulum explains this observation ( Figure 5 ): Although P1200 showed the predicted drift toward the preferred period in the most pronounced way, this behavior was not as marked for the two shorter pendulums, P800 and P1000. Instead, both pendulums had the tendency to speed up regardless of ␦. This discrepancy underlies the results of Figure 4 where the lines cross at ␦ ϭ Ϫ50 ms. The interaction between pendulum and segment is also a consequence of this discrepant behavior between the three pendulums.
To test changes in the amplitudes, the amplitude deviations ⌬A were analyzed with the same 3 (pendulum) ϫ 7 (␦) ϫ 4 (segment) ANOVA. A significant interaction was identified between ␦ and segment, F(18, 90) ϭ 2.04, p Ͻ .05. As Figure 6 displays, this effect is due to the fact that amplitude deviations were consistently close to zero during S for all ␦. In contrast, there was a small but monotonic increase in ⌬A from C1 to C3 that was more pronounced for positive ␦ values. As noted above, the positive ⌬A values signal that the preferred amplitudes were commonly larger than the target amplitude. Hence, in accordance with the drifts in the period, the amplitude also changed consistently toward the preferred value. In correspondence, for negative ␦ there were smaller period deviations accompanied by smaller amplitude deviations.
Variability in Periods and Amplitudes
Turning to Predictions 3 and 4, the variability estimates were regressed against ␦. As a first statistical estimate for period variability, the standard deviations of cycle periods SDT, were calculated separately for each segment. Subsequently, the mean values of SDT across all participants for each segment were regressed against ␦ using a second-order polynomial. No significant results were obtained. Instead, for all segments SDT increased monotonically with increasing positive ␦, which corresponds to increasing target period. This observation was statistically supported by the same 3 ϫ 7 ϫ 4 ANOVA as above, which produced a main effect for ␦, F(6, 30) ϭ 18.75, p Ͻ .001. Although this result is not in accordance with Prediction 3, it is a robust effect in the timing literature that variability increases with the mean period duration. In addition, a tendency for a segment main effect was seen, but this did not reach significance when all participants were included. A close inspection of the data revealed that one participant showed Note. Linear regressions were performed for each participant separately for each pendulum and each segment (S, C1, C2, and C3). The tabulated values are average slopes and intercepts (in milliseconds) of the linear regressions across participants performed separately for the three pendulum conditions (P800, P1000, and P1200) and four trial segments. C refers to the averaged performance in the 60-s continuation interval. an increased variability, which was possibly due to fatigue. When this participant was eliminated from the analysis, the segment main effect became significant, without affecting any other results, F(3, 15) ϭ 6.15, p Ͻ .01. In support of Prediction 4, SDT decreased from S to C3 showing that with the participants' drift toward their preferred periods, movements became less variable. To further pursue Predictions 3 and 4, the SDT values were normalized by their mean periods, that is the coefficient of variation (CVT) was calculated. Performing the same polynomial regressions for CVT against ␦, a significant U-shaped function was observed in segment S, r 2 ϭ .81; CVT ϭ .047 Ϫ .006␦ ϩ .001␦ 2 , with a significant second-order coefficient ( p Ͻ .05). The minimum is close to ␦ ϭ 0. For C1, C2, and C3, this U shape disappeared and polynomial regressions were no longer significant (Figure 7) . In order to detect differences in the pendulums, CVT was submitted to a 3 ϫ 7 ϫ 4 ANOVA. A main effect for pendulum was detected, F(2, 10) ϭ 14.06, p Ͻ .001, showing that P800 had the highest and P1200 had the lowest CVT.
Analogous to period variability, the variability of the performed amplitudes A was captured by their standard deviations SDA. Testing for the U-shaped dependency of variability on ␦, a polynomial regression was conducted. Figure 8 shows the highly significant result when values were collapsed across all segments (R 2 ϭ .78; SDA ϭ .052 Ϫ .002␦ ϩ .003␦ 2 ). No U shape was obtained for the individual segments.
Inspection of the data revealed that the variability was highest in C1 and significantly different from S, C2, and C3 (mean values: S, 0.049 rad; C1, 0.058 rad; C2, 0.050 rad; C3, 0.050 rad). To test for significant differences between the segments and pendulums, an ANOVA was performed. Only the main effect for segment was significant, F(3, 15) ϭ 4.18, p Ͻ .05. This highlights that as soon as the explicit visual target constraints disappeared, the amplitudes changed toward their preferred larger values, leading to a markedly increased variability in this first segment. It can be concluded that the amplitude constraints were more severe during S, and immediately after switching off the target, participants adapted their amplitude to their preferred value. This was already seen in Figure  4 , where a large difference in amplitude occurred between S and C1.
Fluctuations of Continuous Trajectories
Thus far, only the behavior of complete cycles was analyzed. One goal of the study was to also evaluate the continuous trajectories and their change throughout the synchronization and continuation segments for the given target-pendulum pairings. One approach to quantify the shape and variability of the trajectory is to capture the deviations from a harmonic wave by the measure harmonicity, H, as H is defined in phase space and it captures fluctuations in the behavior in both state variables position and velocity. To test Predictions 3 and 4 ( Figure 1B ) second-order polynomial regressions were performed on H against ␦, separately for each segment. Figure 9 displays these regressions: In support of Prediction 3, H was generally lowest for ␦ ϭ 0 and it increased with increasing deviations from ␦ ϭ 0. The polynomial regression was significant for S (r 2 ϭ .81), but only marginally for C1 and no longer for C2 and C3. This result expresses that pendulum-target pairings with differing eigenperiods are less stable and associated with higher levels of fluctuations. Note that this prediction is still visible in C1, but no longer in C2 and C3. This result complements the results on amplitude and period variability above, which showed the highest variability in the segment C1 that immediately followed after the metronome was turned off.
In addition, the H values were submitted to the same ANOVA as above. The interaction between segment and ␦ was significant, F(18, 90) ϭ 1.93, p Ͻ .05. Also, the main effect of pendulum was significant, with F(2, 10) ϭ 21.62, p Ͻ .01. As expected from the symmetric U shape, the main effect for segment did not reach significance. The pendulum effect expressed a decrease in H from P800 to P1200. This can be attributed to the filtering effect that pendulum with longer eigenperiod have.
Autocorrelations and Clock and Motor Variance
Given the emphasis of the present investigation on the discrepancy between the target period and the preferred period that is mechanically and physiologically determined, a clock-motor analysis was performed on the sequence of cycle periods during the entire continuation segment (Wing & Kristofferson, 1973a) . The first step in testing for clock and motor variance is an autocorrelation analysis, in which two predictions from the model were tested: Lag 1 autocorrelation between successive periods should be negative between 0 and Ϫ0.5; Lag 2 and all other autocorrelations should be zero. Because of the identified significant drifts in C, positive autocorrelations had to be expected. Hence, linear regressions were performed over the individual continuation segments and the slopes were subtracted from the individual cycle periods. Table 3 summarizes the autocorrelation results of Lag 1 and Lag 2 of all trials of all 6 participants. No higher lags were calculated as there were too few data points to warrant the analysis. In only 23% of all trials were the Lag 1 autocorrelations between Ϫ0.5 and 0.
For Lag 2 autocorrelations, 70% were not significantly different from zero. Especially the positive Lag 1 autocorrelation makes the application of the clock-motor decomposition unreasonable as negative clock and motor variances would be obtained. Note that these numbers were obtained after a significant drift was eliminated.
Time Course of the Drift
Motivated by the oscillator-based perspective, we hypothesized an exponential approach to the preferred period after the driving oscillator, visual target, had been turned off (Prediction 5). To test this prediction the series of individual cycle errors ⌬T were fitted with an exponential function ⌬T ϭ (a Ϫ b)e
Ϫcx across the entire continuation segment. Figures 10A and 11A illustrate the exponential time course of this drift for two trials: In Figure10A, a trial with ␦ ϭ 100 ms (P1000) exemplifies how the period deviations increased throughout the continuation segment and, thereby, the cycle periods approached the preferred period. The exponential fit was significant with an r 2 ϭ .74. Similarly, Figure 11A shows a decrease in cycle period throughout the 60 s for a trial with ␦ ϭ Ϫ150 ms approaching the slower preferred period (P1200). The exponential fit was significant with r 2 ϭ .67. For different ␦, different exponential approaches were expected: the larger ␦, the steeper the approach toward the preferred period. Figure 12 shows a summary graph with exponential fits for individual trials selected from each ␦ condition all performed with P1200 by one participant. For clarity, the data points were omitted from the graph and only the fitted functions were displayed. All fits were significant ( p Ͻ .05). The thick lines pertain to ␦ ϭ Ϯ150 ms; the dashed line pertains to ␦ ϭ 0; and the two intermediate thin lines belong to ␦ ϭ Ϯ50 and Ϯ100 ms. There was an incremental increase in the steepness of the exponential function with increasing asymmetry ␦.
Long-Range Correlations Across Cycles
The results of both the autocorrelation analyses and the exponential fits spoke to longer range correlations beyond the hypothesized stochastic model of Kristofferson (1973a, 1973b) . In order to further highlight such trends, we smoothed the data using a three-point averaging window. Figures 10B and 11B show the same trial as in the first panel where the sequence of ⌬T was Figure 9 . Harmonicity, H, as a function of delta period ␦. The lines represent the second-order polynomial regressions performed on the average values obtained for the different segments S, C1, C2, and C3. The data are averages across all pendulums and participants. smoothed. As is evident from these two exemplary trials, cyclic fluctuations can be discerned that span data points.
Discussion
In order to elucidate the nature of rhythmic movement generation, a host of studies have been performed on periodic tapping movements. The primary focus of analysis has been on the variability of the intertap intervals, argued to provide a window into the nature of the intrinsic timing mechanisms. Most frequently, the so-called continuation paradigm was used. Reasons for this choice was that during the initial synchronization phase participants could be instructed to perform any given period, which were typically set within the range of 100 and 1,000 ms. The tasks involved synchronizing finger flexions to touch a surface with each auditory signal. After having established the periodic process, the metronome was switched off so that the clocking processes were free to unfold during a continuation interval. The absence of metronome beeps was advantageous because otherwise beeps would provide comparative signals and include feedback-based corrective processes that interfered with the intrinsic timing mechanisms. Typically, the continuation phase was confined to 20 to 40 taps, mostly to avoid the interference of any period drifts.
There has been a wealth of theorizing about the nature of these intrinsic timekeeping processes, discussing, for example, the fixed or adaptive nature of an internal clock, linear and quasi-linear models, the hierarchical representation of temporal intervals, or multiple timer models (Ivry & Richardson, 2002; Miall, 1996; Semjen, 2002; Vorberg & Wing, 1996) . More recently, information-processing approaches have been challenged or complemented with oscillator-based accounts (Daffertshofer, 1998; Peper, Beek, & Daffertshofer, 2000; Pressing, 1998; Schöner, 2002) . Studies on lesions or pathologies, particularly of the cerebellum and the basal ganglia (Parkinson's disease), have highlighted the role of these cerebral structures in timing (e.g., Franz, Ivry, & Helmuth, 1996; Ivry & Keele, 1989; Ivry, Keele, & Diener, 1988; Welsh, Lang, Suglhara, & Llinas, 1995) . Imaging studies aimed at elucidating the underlying cortical structures in healthy popula- Figure 10 . A: Series of cycle errors, ⌬T, across the continuation segment. The line represents an exponential fit to the data. The condition was ␦ ϭ 100 ms performed with the pendulum P1000. B: Series of cycle errors, ⌬T, across the continuation segment, which were smoothed to highlight fluctuations spanning 3-6 data points. tions have complemented the above research (Macar, Vidal, & Casini, 1999; Rao et al., 1996 Rao et al., , 1997 Wing, 2002) .
The contribution of peripheral processes arising between the issuing of the motor command and the overt behavior has been discussed. Most notably, the two-process model of timing developed by Wing and Kristofferson has been applied to tapping data under a variety of different experimental manipulations and different populations (Wing & Kristofferson, 1973a , 1973b ; for a recent overview, see Wing, 2002) . This model assumes that two independent processes underlie the generation of each interval, namely a timekeeper or clock mechanism and a peripheral delay. Independent noise sources are added to both the clock interval and the motor delay. This conceptualization essentially regards the generation as a sequence of discrete events, each associated with Gaussian noise. Conforming to the model's predictions, empirical studies of continuation tapping have found that increasing the target periods leads to greater clock variance, whereas little or no change has been observed for the motor variance.
Given these theoretical arguments, remarkably little empirical and theoretical work has been devoted to explicitly extricating the contribution of the biomechanical and neurophysiological properties of the plant. Although various studies have compared tapping behavior when performed by different effectors, such as finger, wrist, and elbow, the results were equivocal and often led to a rejection of the relevance of these properties. For instance, Wing (1977) compared tapping performed by finger flexion, wrist flexion, forearm pronation and supination, and elevation. Contrary to expectation, he found that it was clock variance, not motor variance, that decreased with limb size. The study also showed that the variance in the movement period was a function of the particular effector. Specifically, finger flexion led to the greatest variability followed by wrist flexion, followed by forearm pronation and supination, with the least variance observed for forearm elevation. However, only a small range of target periods were studied, and it is also not clear from this experiment whether the variability is related to the limb's inertia alone or the asymmetry between the target motion and effector. Collyer et al. (1992) explicitly rejected the influence of biomechanical determinants.
A direct assessment of the role of dynamic properties of the effectors and their effect on the structure of the variance was performed by Turvey and colleagues (Turvey, Rosenblum, & Schmidt, 1986; Turvey, Schmidt, & Rosenblum, 1989) . Using bimanual wrist-pendulum movements, similar to the movements of this study, the authors showed that for antiphase oscillations, increasing asymmetry between the effectors led to greater motor variance, whereas clock variance remained unaffected, interpreted as support for a single clocking mechanism for both oscillating hands. On the other hand, comparing inphase and antiphase oscillations, clock variance differed but motor variance was unaffected for comparable pendulum pairings. Different from the typical continuation paradigm, in Turvey et al.'s (1989) studies no target frequency was prescribed. Participants self-selected their movement frequency, which, consequently, was dependent on and covaried with the pairing of pendulums they were given. Aside from this study, the examination on such biomechanical influences have been few and far between and the results have been somewhat equivocal. The bulk of studies and theorizing has focused on internal timing processes and their neural underpinnings.
The present study aimed to directly examine the role of biomechanical and neuromuscular properties of the effectors and the asymmetry between the task and effector in timing and variability of rhythmic movements. In the face of the large number of theoretical propositions, it is worth pointing out that most studies have limited their investigations to finger-tapping movements, and almost exclusively, it has been the time intervals between successive contacts that have been studied. We argue that for a more general theory of timing, a greater variety of movement types must be investigated and the continuous trajectories must be taken into consideration. Within this overall objective, the present study had several goals.
First, instead of finger tapping we used wrist actions extended by handheld pendulums with exchangeable lengths and weights. This setup permitted the easy manipulation of the inertial properties of the limb. In addition, in pendular movements the timing preferences due to intrinsic dynamics are more pronounced as pendular movements are centered around the direction of gravity, facilitating the computation of the mechanical resonance frequency. Additional neuromuscular properties were included in the assessment because it was the individually preferred period and not the mechanically calculated period that provided the landmark for manipulations of the target periods.
Second, we aimed to study the relation between this intrinsically preferred period with the target period, hypothesizing that the accuracy and variability in performance critically depends on this symmetry or asymmetry. Previous work on sinusoidal tracking with different effectors has already given support that it is this relative timing relation that accounts for systematic phase relations and fluctuations in the tracking trajectory. If the effector's period was slower (faster) there was an increasing phase lag (lead) between the target and the effector, and conversely (Russell et al., 2003; Russell & Sternad, 2001) . By the explicit quantitative manipulation of the relation between target period and preferred periods of the moving wrist-pendulums, we directly assessed the influence of the task-effector asymmetry on the performance in a continuation paradigm.
Third, as the focus is on the intrinsically driven effects during continuation, each trial included an extended continuation phase. Although the continuation segment has typically been limited to maximally 50 taps to prevent drifts to interfere, we explicitly extended the continuation phase to 60 s to allow these processes to rise to prominence for better analysis. Period drifts have commonly been regarded rather as a nuisance than an effect worthy of study, and no clear theoretical attention has been devoted to the drift (exceptions are the studies by Church, 1998, and Madison, 2001 ). When such drifts were noticed, the effect has often been removed by detrending procedures. We hypothesize that it substantially contributes to the variability observed.
Fourth, we collected kinematic data from the entire trajectories that allowed the assessment of changes not only in discrete intertap intervals but also in continuous kinematic measures. The expectations about the period drifts and the degree of fluctuations were formulated in five predictions that were closely derived from work on coupled oscillators as developed for bimanual coordination (Amazeen, Amazeen, & Turvey, 1998; Sternad et al., 1995 Sternad et al., , 1996 . Specifically, we predicted patterns of drift and variability during steady-state oscillations as a function of the asymmetry between the oscillating limb and the target period as schematically sketched in Figures 1A and 1B . For a model that generates the five predictions, see the Appendix.
Systematic Drift Toward the Preferred Period
The performed periods across the continuation segments showed a marked drift toward the preferred period that supported Prediction 1. Although this trend was purposely enhanced with the comparatively long continuation segment, it needs to be highlighted that this drift was observed from the first continuation segment onward. Hence, this result emphasizes that this tendency cannot be ignored even when only shorter continuation intervals are studied. Although the pattern is in overall agreement with Prediction 1, the average durations of the drifts showed that the participants did not entirely return to their preferred periods but followed the instruction to maintain the initial target period as best they can. The pattern was also consistent with Prediction 2 in that for greater asymmetry between target period and eigenperiod, the drifts were larger. In addition, an overall tendency for an acceleration was observed. Such a tendency for acceleration in long free-tapping trials has been previously documented in a tapping task with additional force constraints by Sternad et al. (2000) . With respect to an explicit quantivative model for this drift behavior, note that the relaxation process in the present task is relatively long, virtually lasting 60 s. This duration reflects a much longer time scale than the one observed for a van der Pol oscillator relaxing to its resonance frequency (see Appendix). Depending on the intrinsic damping, the relaxation process is typically of the order of several cycles at most. In order to model the present behavior quantitatively, frequency may also have to be a state variable, as was for instance done by Large and Jones (1999) . Alternatively, the modeling has to be expanded to a multilayered system and address more explicitly the influence of an inertial system (e.g., Beek, Peper, & Daffertshofer, 2002; Sternad, Saltzman, & Turvey, 1998) .
This drift in the mean cycle values was evident in both periods and amplitudes. Given that continuous data were collected, the amplitude measure is unique for this experimental task and the visual synchronization signal specified both period and amplitude. Note that, counter to expectations, the movement amplitudes increased for all ␦ conditions and, also, when the cycle periods shortened. This effect runs counter to other results on spatiotemporal features of oscillatory movements where shortening of periods is accompanied by a concomitant shortening of amplitudes (Kay, Kelso, Saltzman, & Schöner, 1987) . This shows that unconstrained movements clearly tended to larger amplitudes and, in conjunction with faster periods, to higher movement velocities.
Variability Throughout the Continuation Phase
Given these changes in the average spatiotemporal parameters from the first continuation segment onward, changes in variability can be expected. However, the slow changes in period would lead only to the expectation of an increase in variability from the synchronization phase to the continuation phases. The pattern predicted by Prediction 4 is contrary: The variability should decrease throughout the continuation phase because the system moves closer to resonance. This regime is more stable and, hence, accompanied by less fluctuations. The results in Figures 7 and 9 give support to this prediction. Given that participants performed closer to their own preferred spatiotemporal organization, fluctuations decreased. This result also manifests that the presence of the target provides an external forcing that, when switched off, allows the oscillation to adopt a self-driven organization that was presumably closer to resonance. This result is in accord with a study that showed that pendular movements performed at resonance require less control or have fewer active degrees of freedom (Goodman et al., 2000) .
Prediction 3 stated that variability is at a minimum when there is symmetry between the target period and the eigenperiod. With increasing asymmetry, variability increases in a U-shaped fashion. This prediction was reported several times for bimanually coupled oscillations (Schmidt et al., 1993; Sternad et al., 1996) and for oscillations with a visual target with and without feedback (Russell et al., 2003; Russell & Sternad, 2001 ). Indeed, this pattern was again observed in the continuation paradigm. Note that in other respects, the data conform with robust results in the literature. The unnormalized measure of variability, the standard deviations of the cycle periods, showed the monotonic increase with the duration of the movement period. This result reflects the scaling of resolution in timing replicating the expectations from Weber's law.
Continuous Nature of the Oscillatory Regime
The pattern of variability was also obtained when the continuous trajectories were analyzed. The wave-like trajectories were compared with a pure harmonic wave, which is a close approximation to merely mechanical pendular movements at moderate angular excursions. This continuous measure of H emphasized that not only discrete intervals reflect discrepancies from resonance-assuming that the preferred period corresponds to oscillations at resonance-but that also the entire trajectory of each cycle is affected by the different levels of stability.
The continuous nature of the regime was highlighted in one other way when Wing-Kristofferson's decomposition into clock and motor variance was performed (Wing & Kristofferson, 1973a , 1973b . The present data showed resilient positive Lag 1 autocorrelation, counter to the predicted negative autocorrelations. This effect remained positive even after the trend in periods was removed with a linear detrending operation. Autocorrelations were still positive and significant with lags up to 3-6 data points. This result, revealing long-term correlations across several cycles, is in contradiction to the essential assumption in the WingKristofferson model that each temporal interval is essentially a discrete independent event. From an oscillator perspective, rhythmic movements are not a sequence of concatenated cycles, or intertap intervals, but rather a regime that is parameterized in terms of some generalized linear and nonlinear stiffness and viscosity parameters. Once set, and with the energy loss and input at a steady state, the movement unfolds in a continuous fashion and longer term correlations are inherent. These long-term correlations are seen when the individual periods are plotted over time. Especially when a smoothing algorithm is applied, cyclic variations over 10 cycles can be discerned.
Although this is left as a topic for further study, one last observation consistent with the interpretation of a dynamic regime should conclude this study: The return to the preferred period throughout the continuation segment showed an exponential shape.
The type of exponential approach is different for the different asymmetry conditions, reflected in different coefficients of the exponential function. Such exponential changes in behavior have been argued as a signature for an underlying dynamical system (Newell, Liu, & Meyer-Kress, 2001 ).
Conclusion
Although all these results show marked differences as well as similarities with previous results of studies on finger tapping, it should be pointed out again that the experimental task differed in many respects from the traditional tapping task. First, we used visual stimuli that were presented in a continuous fashion during the synchronization phase. This presentation of timing intervals may have been less marked, and participants may be more prone to forget the target period. Second, we used a pendular movement in which the dynamic component was prominent and the task had no contact events (i.e., taps). In previous work we even argued that the tapping contact itself is a critical event that introduces perturbations to the movement trajectory (Sternad et al., 2000) . In fact, explicit target forces had a systematic influence on the observed timing and force variability. Thus, although the continuous nature of the movements possibly enhanced the effects that we aimed to highlight, this feature is by no means absent in other periodic movement forms and warrants investigation. To conclude, these differences in task were intentional in order to highlight neglected aspects of studies on rhythmic timing, and it cannot be excluded that many results may be germane to these modifications in task. And yet, any theory of timing should encompass features that are inherent in all rhythmic tasks and not only tapping tasks.
